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1  Introduction 

1.1 Background of the Project 

The construction industry – and thus also the real estate industry as one of the most 

important demanders within the value chain – represents one of the most resource-

intensive sectors today. Not only are millions of tonnes of mineral raw materials, 

metals, wood, plastic, glass, and other materials used for the construction and refur-

bishment of residential buildings every year, but also the production of the binder 

cement as a main component of concrete is associated with enormous greenhouse 

gas emissions. In addition, the construction industry (and its demand sectors such as 

the real estate industry) generates large amounts of construction and demolition 

waste during the construction, refurbishment, and demolition of buildings. This 

waste, which also includes waste from other sectors such as road infrastructure, rep-

resents the largest single category within the waste statistics in Germany. At the same 

time, high-quality recycling only takes place for individual waste categories like me-

tallic construction waste. 

In addition to the construction phase of residential buildings, the utilisation phase is 

relevant for the assessment of the environmental impact along the life cycle of build-

ings, especially in the residential sector. This is even more the case as there are few 

goods that have such a long lifespan as buildings. However, the energy quality of new 

buildings has improved dramatically in the last 10 to 15 years, so that nowadays it is 

quite realistic and possible to make the use phase climate-neutral or even to generate 

more renewable energy than one consumes. This shifts the focus of the ecological as-

sessment of new buildings from the utilisation to the construction phase and the 

demolition of residential buildings after their utilisation phase. Existing buildings 

have the advantage that their ecological footprint of the construction phase already 

exists, but their utilisation phase still has plenty of potential for ecological improve-

ment. This is one of the main reasons why the refurbishment of existing buildings 

has recently increasingly become the focus of politics, science, and the real estate in-

dustry itself. 

One of the questions that arises for the real estate industry is how to ecologically op-

timise the building inventory. Two basic strategies are conceivable here: demolition 

and new construction of buildings or an (energetic) refurbishment of the building 

inventory. This raises the question of whether the demolition of existing buildings 

and the subsequent construction of new buildings is preferable to the refurbishment 

of existing buildings, providing the energy performance of new buildings is possibly 

dramatically better than that of refurbished existing buildings. In other words: What 

is ecologically more important – the significant additional demand for raw materials 

and higher quantities of waste in the case of demolition and new construction, or the 

presumably ecologically superior utilisation phase compared to the renovated exist-

ing buildings?   

It is precisely this comparison that is to be analysed in this project based on three 

typical buildings of the LEG real estate portfolio and evaluated using the environ-

mental indicators carbon footprint (CF), cumulative energy demand (CED) and cu-

mulative raw material requirement or material footprint (RMI). 
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Cumulative Energy Demand (CED) in GJ 

The cumulative energy demand (CED) is the total of renewable and non-renewable 

primary energy inputs needed to produce a product or service.1 In a comprehensive 

view, it also includes the use of the product. In contrast, a pure consideration of grey 

energy conceptually only includes the amount of energy that went into the materials. 

Within the system boundaries in this project, the CED and grey energy are identical. 

The energy demand of the utilisation phase of the buildings is analysed and reported 

separately in this study.   

 

Raw Material Input (RMI) or Cumulative Raw Material Demand (CRD) in 

Tonnes 

Raw Material Input (RMI) is the amount of primary raw materials needed to provide 

products and services. On the one hand, the material quantity of the product and the 

material that is required for production is counted as RMI. On the other, the material 

used that is extracted from the environment for provision, such as the gangue, the 

poorly economically usable rocks and minerals in ore extraction, is also counted. 

With the help of the RMI, emissions and waste can be calculated along the entire 

value chain. In ecoinvent, the RMI is calculated using an evaluation module from the 

Wuppertal Institute. For the abiotic part, which is more relevant in this study, the 

RMI is identical to the calculation of the cumulative raw material demand (CRD). 

The difference between RMI and CRD lies in the different calculation methods of the 

biotic part. This tends to be lower in the CRD than in the RMI.2 However, the biotic 

fraction plays a very minor role for most of the materials used here. Therefore, for 

the purpose of this study, it is reasonable to interpret the CRD as synonymous with 

the RMI indicator. 

 

Carbon Footprint in Tonnes of CO2 Equivalent 

The carbon footprint is the total of greenhouse gas emissions caused directly and in-

directly by a person, a company, or a product. It is calculated by adding up the emis-

sions from all phases of the life cycle of a product or service. During the life cycle of a 

product, different greenhouse gases can be emitted – such as carbon dioxide (CO2), 

methane (CH4) and di-nitrogen oxide (2NO) – that each have a different ability to 

store heat in the atmosphere. These differences are expressed by the global warming 

potential (GWP) of each gas, resulting in a carbon footprint in mass units of carbon 

dioxide equivalents (CO2 equiv.). 

 

---- 
1 Günther, K. (2018): Kumulierte Energiebedarf. https://wirtschaftslexikon.gabler.de/definition/kumulierter-energieaufwand-kea-

52378/version-275516  
2 Bringezu et al. (2019): Bestimmung des Materialfußabdrucks mit ökobilanziellen Methoden und Softwarelösungen. 

https://www.uni-kassel.de/einrichtungen/fileadmin/datas/einrichtungen/cesr/documents/Bestimmung_des_Materi-
alfu%C3%9Fabdrucks_mit_%C3%B6kobilanziellen_Methoden_und_Softwarel%C3%B6sungen.pdf 

https://www.uni-kassel.de/einrichtungen/fileadmin/datas/einrichtungen/cesr/documents/Bestimmung_des_Materialfu%C3%9Fabdrucks_mit_%C3%B6kobilanziellen_Methoden_und_Softwarel%C3%B6sungen.pdf
https://www.uni-kassel.de/einrichtungen/fileadmin/datas/einrichtungen/cesr/documents/Bestimmung_des_Materialfu%C3%9Fabdrucks_mit_%C3%B6kobilanziellen_Methoden_und_Softwarel%C3%B6sungen.pdf
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2 Key Messages 

Life Cycle Phase Demolition/New Construction and Refurbishment, 

Without Utilisation Phase 

• Enormous amounts of building materials are stored in LEG's modelled ex-

isting buildings. These are mainly mineral raw materials, but also metal, 

wood, plastic, glass, and insulation material. Depending on the material 

composition of the buildings, the amounts of waste that would be gener-

ated if they were demolished also differ. 

• Demolition and new construction of these buildings would require signifi-

cantly more raw materials than their energy-efficient refurbishment.  

While the new construction of the three buildings requires between 1,276 

and 7,070 tonnes of new raw materials, the refurbishment (depending on 

the refurbishment effort) only requires approx. 2.3 to 46 tonnes of newly 

used material. Accordingly, less waste is produced in the refurbishment 

(e.g., through the replacement of windows) than in the demolition of exist-

ing buildings for the purpose of subsequent new construction. 

• Due to the low quantities of raw materials used in refurbishment compared 

to new construction, the environmental impacts (measured in terms of car-

bon footprint, CED and CRD) of refurbishment are also significantly lower 

than those of new construction. The environmental impact of the treatment 

and disposal of the demolition quantities of the existing buildings alone ex-

ceeds that of the refurbishment (including the treatment and disposal of 

the waste produced during the refurbishment). 

• Overall, the environmental impacts associated with waste processing and 

disposal itself are minor compared to the environmental impacts associ-

ated with the production of building materials. This argues for extensive 

preservation of existing buildings instead of (replacement) new construc-

tion. 

• The raw material input of the building services is relatively marginal com-

pared to the amount of raw material installed in the building envelope. A 

more comprehensive energy refurbishment, such as the additional instal-

lation of a PV system on the roof, would not lead to any changes in the re-

sults in the comparison "refurbishment vs. new construction".  

• If the number of flats in the three modelled buildings is taken into account, 

the results of the materials used in the new building come very close to the 

amount of waste and the effort involved in the refurbishment. In this re-

spect, there are no fundamental differences whether it is a building from 

the 1950s or 1970s. This is also because LEG carries out its refurbishments 

in a very standardised manner and, for example, uses uniform insulation 

thicknesses and materials. 

 

Life Cycle and Utilisation Phase 

• The provision of heat and hot water was modelled with three different en-

ergy sources and heating technologies: Natural gas with condensing boiler, 

electricity for the use of an air-to-water heat pump, and district heating. 
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• The assumed refurbishment of the buildings improved the energy effi-

ciency of the building envelope to final energy values of 90 to 

110 kWh/ma2. These are real figures from LEG. 

• For the modelled new buildings, the energy quality of the building enve-

lope is only slightly better. However, with the use of air-to-water heat 

pumps the new buildings in the modelling achieve a final energy demand 

of 22 to 25 kWh/ma2 with an assumed annual performance factor (APF) of 

3.9. 

• In the modelling of the utilisation phase up to 2070, decreasing emission 

and primary energy factors are assumed for electricity and district heating. 

Natural gas, on the other hand, remains unchanged with regard to the 

emission factor (and thus also regarding the primary energy factor). How-

ever, a switch to biogas would also be possible here.  

• As a result, for new buildings the construction phase is more important 

than the utilisation phase. For refurbished buildings, the total value of 

GHG emissions up to 2070 is mainly determined by the utilisation phase. 

• Therefore, the ecological performance of the heat and hot water supply is 

particularly important for the overall result. If refurbished buildings were 

to continue using natural gas to meet their heating and hot water needs 

until 2070, the ecological footprint (measured as carbon footprint) of the 

refurbishment would exceed the ecological footprint of the new building at 

the end of the period under consideration in 2070. 

• Yet, if district heating were to be used as an energy source or if the heat 

generation were to be switched from natural gas to heat pumps in the next 

few years, the major ecological advantage of refurbishment over new con-

struction from the construction phase would still prevail after 50 years of 

use. This is especially if – as is to be expected – the district heating and 

electricity mix in Germany will increasingly be de-carbonised in the com-

ing decades, resulting in sharply falling emission factors. 
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Figure 1 a–c: Carbon Footprint of the Three Modelled Buildings over the Entire Life Cycle in Tonnes 

CO2 Equivalents 
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3 The Material Composition of Selected Buildings in LEG’s 
Building Inventory 

3.1 Selection of the Example Buildings 

The material composition of the three LEG sample existing buildings was determined 

using data from the Wuppertal Institute (WI) residential building inventory model. 

The structure of this model is based on various building age classes and their typical 

construction methods at the time. The identification of the three typical LEG existing 

buildings must therefore be carried out based on these building age classes to be able 

to use the model data. 

For the identification of the three example houses, LEG provided an extensive data 

set on its existing buildings from three relevant building age classes (1949–1958; 

1959–1968; 1969–1978), which, in addition to the corresponding periods of con-

struction, contained further structural characteristics of these buildings, such as the 

number of flats, number of storeys, roof form, wall construction and living space.  

 

Almost 7,000 Buildings in the Population 

The first feature for sorting the almost 7,000 buildings contained in the data set was 

a distribution of the buildings according to the number of floors per age class. Subse-

quently, only those buildings were evaluated that were to be found within the sub-

segment of the most frequently occurring number of storeys. For the building age 

classes 1949–1958 and 1969–1978, this results in a fairly even distribution over two 

feature classes each. Therefore, the typical building characteristics for two building 

types with different numbers of storeys were also determined here. However, the dif-

ferences in the building characteristics are small. 

Figure 2 shows that buildings with two to four storeys built between 1949 and 1978 

are characteristic of the LEG building inventory. Over time, there has been a shift 

from buildings with two or three floors to buildings with three or four floors. In the 

first decade (1949–1958), the quantity of buildings with three floors is similar to the 

number with two floors. Therefore, the building characteristics were evaluated for 

both groups. In the third decade (1979–1978), buildings with four storeys form the 

largest group, but the group of buildings with three storeys is similarly high. There-

fore, the building characteristics for buildings with three and four storeys were also 

determined here. 
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Figure 2: Distribution of Existing Properties According to Building Age and Number of Floors 

 

 

For the calculation of the refurbishment or demolition of these typical buildings, the 

following selection of buildings was made: 

• The largest sub-segment determines the typical height of the buildings of the re-

spective decade:  

 

o 1949–1957: 2 floors 

o 1958–1968: 3 floors 

o 1969–1978: 4 floors 

 

Typical building features for Building A built 1949–1958 with 2 floors 

General data: 

o Number of flats: 7 

o Number of staircases: 2 

o Average living space per building: 380 m2 (thus average living space per 

flat: 54.3 m2) 

 

Typical building features for Building B built 1959–1968 with 3 floors 

General data: 

o Number of flats: 14 

o Number of staircases: 2 

o Average living space per building: 852 m2 (thus average living space per flat: 

60.9 m2) 
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Typical building features for Building C built 1969–1978 with 4 floors 

General data: 

o Number of flats: 34 

o Number of staircases: 3 

o Average living space per building: 2,405 m2 (thus average living space per 

flat: 70.7 m2) 

Other typical building characteristics of buildings in an age class and with the same 

number of floors, such as type of roof structure, load-bearing construction, and type 

of exterior wall cladding were also read from the LEG data set and coordinated with 

LEG. 

According to these characteristics of the typical LEG buildings, the data of the WI 

residential building inventory model were adapted and transferred to the three ex-

ample houses. 

 

3.2 The Material Composition of the Selected Buildings in LEG’s Building 
Inventory 

The residential building inventory model of the WI models the various components 

of the building envelope such as basement, exterior walls, roof, or interior walls and 

converts these components into volume data via areas (e. g., wall areas) and thick-

ness. These volume data are then linked with density data of the materials used in 

these building components and thus translated back into quantity data that are used 

in these components of the building envelope. 

The areas of the individual building components are in turn derived from the basic 

data of the buildings. The following factors, among others, are considered: Storey 

height, number of floors, conversion of living space into floor area taking into ac-

count the number of floors and a factor for non-living space in the building. Further-

more, the shape of the building (rather square or rectangular) is defined, which in 

turn influences the outer perimeter of the building, the value of which is in turn re-

quired for the calculation of the wall areas. 

Explained by an example, this looks as follows: The model assumes two storeys plus 

basement for Building A. The storey height (incl. ceiling layer) is assumed to be 

2.80 m in the model. Our model converts the living area of 380 m2 into a floor area of 

281 m2, resulting in a building perimeter of 75.8 m for a rectangular floor plan with a 

width/length ratio of about 1 : 2.8. Together with the storey heights and number of 

storeys, this results in an external wall area (minus windows and doors) of around 

557 m2. For exterior walls of the building age class 1949–1958, the residential build-

ing inventory model of the WI provides for a wall thickness of 37 cm for the support-

ing structure, so that the wall area of Building A of 557 m2 and the wall thickness of 

37 cm result in a volume of 206 m3 supporting structure. This volume is finally linked 

in the model with material indices in the form of density indices in tonnes/m3. In the 

case of the building age class 1949–1958, 100% with the density of solid bricks, which 

is given in our model as 1,800 kg/m3. As a result, the model calculates that around 
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370 tonnes of solid bricks are used in the external walls of the building envelope in 

building A. 

In addition, a 2 cm thick plaster layer is modelled for the exterior walls in this build-

ing age class. The windows and exterior doors installed in the exterior walls are also 

extrapolated using key figures but are combined with the interior doors in Table 1 to 

3 of the Appendix.  

The residential building inventory model concentrates overall on the building enve-

lope and only includes the interior walls, but originally not the building services or 

stairs. Similarly, balconies are not included in the WI model in these age classes. For 

the LEG project, the residential building inventory model was therefore extended to 

include the key figures for stairs, internal doors and building services (excluding 

electrics). These data originally came from a project in which new buildings were 

modelled (and whose data were used for WP3). For the heat supply, gas condensing 

boilers with radiators were assumed, for which rough material compositions are 

available. For water, sewage, and sanitation, we assume that these new construction 

data can also be approximately transferred to the existing building inventory, even if 

in specific cases in unrenovated buildings of the 1950s and 1960s, for example, PP 

sewage pipes were not yet installed, but other materials such as fibre cement were 

used. Overall, however, the source of error of possibly too modern building materials 

in the building services is low, since the materials stored in the building services are 

only comparatively small and, according to experience, do not compensate for the 

pure number of materials stored in the building envelope itself, even in an ecological 

assessment with all upstream and downstream processes. 

The following material quantities stored in the buildings result from the transfer of 

the building key figures of the three sample buildings of the LEG to the inventory 

model of the WI with the extension described above: 

Figure 3: Material Composition of the Three Model Buildings in Tonnes (incl. Building Services) 

 

1,417.89 

2,466.67 

7,358.29 
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All three buildings consist primarily of mineral raw materials. Metals are other mate-

rials that have at least a share in the low single-digit percentage range. The remain-

ing material categories each correspond to less than 1% of the total amount of raw 

materials used (Table 1). 

Table 1: Percentage Composition According to Different Material Categories of the Ex-

isting Buildings in % 

Material Categories Building A Building B Building C 

Mineral 95.79% 95.06% 92.65% 

Insulation material 0.04% 0.15% 0.20% 

Metals 3.20% 3.85% 6.82% 

Plastics 0.03% 0.06% 0.05% 

Glass 0.03% 0.04% 0.03% 

Wood 0.88% 0.81% 0.18% 

Other 0.02% 0.02% 0.08% 

Total 100.00% 100.00% 100.00% 

 

The detailed material composition of the buildings can be found in Tables 1–3 of the 

Appendix. They show that the detailed material composition varies only slightly be-

tween the buildings. In Building A and Building B, a pitched roof is calculated, which 

is why wood and (roof) tiles are used here, while in Building C a 35 cm thick flat roof 

made of concrete slab and bitumen covering (in Other) is modelled. Another differ-

ence is the structure of the interior walls: pumice concrete is assumed in Building A 

(or bricks in the basement), whereas sand-lime bricks are used in Buildings B and C.  

The materials stored in the building services are documented for all three buildings 

in Table 4 in the Appendix. The building services include water and wastewater as 

well as heating technology including sanitary technology and radiators, but not the 

installed electrics in the buildings. Furthermore, data for gutters, basement windows 

or similar details are missing, but would not influence the results much. Compared to 

the building envelope, the quantities of materials stored in the building services are 

almost negligible, even if, for example, the carbon footprint of metallic raw materials 

such as brass or copper per kilo is significantly higher than that of sand-lime bricks 

or even concrete. 
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4 Modelling the Dismantling of LEG Buildings and Their 
(Replacement) Construction   

4.1 Demolition Model for the LEG Example Buildings 

For the modelling of the dismantling of the LEG example existing buildings modelled 

in WP1, a theoretical dismantling was created in this project, in which the ecological 

impacts of the deconstruction itself, the sorting and processing of the demolition 

waste in the processing plant and the subsequent landfilling of those parts of the 

demolition waste that cannot be recycled further were considered. The actual recy-

cling activities, however, are outside the system boundaries, namely, for example, the 

melting down process of the armouring irons from reinforced concrete in the electric 

steel plant is outside the system boundary. However, the demolition and pre-crush-

ing at the demolition site, the transport to the sorting plant and the crushing and 

sorting at the sorting plant are within the system boundaries. 

All these processes (demolition, transport, crushing, sorting, and landfilling) are as-

sociated in life cycle assessments with (mostly energetic) expenditure, which is ac-

companied by additional energy and material requirements and associated green-

house gas emissions. This environmental impact can be determined with the help of 

life cycle assessment databases such as ecoinvent. The ecoinvent database v.3.7 was 

used for the analyses in this project. In ecoinvent, the waste treatment paths of the 

different construction wastes are mainly divided into three variants, which represent 

different treatment paths and thus also mean different environmental impacts. Thus, 

for each material category or component, it must be determined which of these three 

recovery routes should be used for the waste category.  

Variant 1 is used for materials that can be pre-sorted directly at the demolition site 

to be recycled. This applies, for example, to the materials used in windows and doors 

or the material quantities of building services. Here, only the expenditure for ma-

chines for demolition is assumed, such as for excavators but no transport expendi-

ture to the recycling site. Examples of this are steel, which can be pre-sorted directly, 

or PVC window frames, which can be removed directly and sent for material recy-

cling to feed the recycled PVC granulate back into the production process of new PVC 

windows, whereby they can be assessed entirely without environmental impact in the 

processes. 

Variant 2 includes not only demolition but also transport to the processing and 

sorting plant and the sorting itself.  

The further process path of the recovered waste fraction then lies outside the system 

boundaries of these waste treatment processes, while the part that has not been used 

up to that point is then either thermally recycled or landfilled and the expenses asso-

ciated with incineration or landfilling are also calculated proportionately. This is the 

case, for example, with concrete, which is crushed in a jaw crusher in the sorting 

plant and can then be sorted according to aggregate and binder. The proportion of 

aggregate can then primarily substitute gravel and sand in road construction, while 

the remaining waste must be landfilled or backfilled. The latter is still part of the en-

vironmental assessment. 
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Variant 3, on the other hand, includes all those materials that can neither be pre-

sorted directly from the demolition point for material recycling nor, after processing 

and sorting be materially recyclable – at least in part sizes. These are usually, for ex-

ample, wood waste that has been treated with antifungal agents or painted and there-

fore incinerated. PU foam also falls under this variant, as there are no recycling op-

tions for it either and it is landfilled or incinerated. 

In the case of windows and doors as well as building services, it is assumed that these 

can be removed manually before demolition or that they can be easily separated from 

the rest of the waste at the construction site. This means that there is no environmen-

tal impact here, as most of these materials can be recycled. Only the wood content in 

doors is also assumed to be recycled for energy recovery, as these often have a coat of 

paint. 

Table 2: Selected Recycling Options of the Different Material Categories 

Material Categories Variant 1 Variant 2 Variant 3 Note 

Concrete  X  The aggregate is recycled, the rest is landfilled 

Pumice concrete  X  Alternatively, the concrete gravel process is 

used 

Mortar/Plaster  X X 50% of the mortar/plaster is only separated 

from the concrete etc. in the sorting plant and 

only small quantities are available for recycling. 

Sand-lime brick  X  Alternatively, the concrete gravel process is 

used 

Porous brick  X X Porous bricks can partly be used in road and 

path construction, assumptions: 50/50 be-

tween variant 2 and 3 

Solid brick  X X Bricks can partly be used in road and path con-

struction, assumptions: 50/50 between variant 

2 and 3 

Wood   X Combustion 

Mineral wool   X Landfill 

EPS   X Due to fire protection agents: Landfill 

Other insulation materi-

als 

  X Landfill 

Glass X   No environmental impact due to demolition 

Steel  X  The difference in the coefficients for variant 1 

and variant 2 is small, steel content in doors 

and windows without environmental impact 

Aluminium X   No direct process available, assumption is fed 

directly into recycling, no environmental im-

pact due to demolition 

Plastics X   No environmental impact due to demolition 
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Other   X Bitumen sheeting, incineration 

Doors and windows X   No environmental impact due to demolition 

Building services X   No environmental impact from demolition, as-

sumption: building services are either removed 

by hand before demolition or can be recycled or 

their quantities are not critical for the environ-

mental assessment. 

 

This results in the following environmental impacts if the buildings modelled in this 

project are completely demolished and all materials used in them are treated accord-

ing to the three recycling options for construction waste. Table 6 of the Appendix 

shows the cumulative energy demand that must be expended for this: For Building A, 

which has the smallest amount of materials installed at around 1,420 tonnes, demoli-

tion and recycling of this amount would generate an energy demand of 275 GJ; for 

Building C, with significantly higher living space and correspondingly higher mate-

rial composition of around 6,500 tonnes, demolition and processing of these 7,400 

tonnes would be associated with a CED of 1,590 GJ (Figure 4). 

 

Figure 4: CED from Demolition and Recycling/Disposal of the Example Buildings in GJ (incl. Build-

ing Services) 

 

In addition to an energy requirement, the demolition of these buildings and the sub-
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tonnes depending on the building. The energy and material input required to demol-

ish these buildings and process them properly results in a carbon footprint of 14 to 

102 tonnes in CO2 equivalents (Figure 6). 

 

Figure 5: CRD from Demolition and Recycling/Disposal of the Example Buildings in Tonnes (incl. 

Building Services) 
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Figure 6: Carbon Footprint from Demolition and Recycling/Disposal of the Example Buildings in 

Tonnes CO2 Equivalent 

 

From the detailed Tables 6 to 8 in the Appendix, it can be seen that demolition and 

processing of the concrete waste has a significant influence on the level of the envi-

ronmental indicators. On the one hand, this results from the importance of concrete 

for the material composition of the existing buildings, and on the other, the crushing 

of concrete using jaw crushers or other technologies is comparatively energy inten-

sive. At the same time, it can be seen in Figure 4 and 6 that in terms of energy de-

mand and CO2 emissions, the metallic raw materials associated with demolition are 

significantly more dominant in percentage terms than their share of the material 

stored in the building. This is due to the high CED and CF coefficients of steel recy-

cling.  

4.2 Modelling New Construction of LEG Example Buildings 

The new building scenario simulates the raw material required if the three LEG ex-

ample buildings were to be replaced by new buildings of exactly the same size. This 

would probably not happen in reality since on the one hand there is probably a fun-

damental desire to build more compactly and, if necessary, to realise an additional 

floor at least in building A (e.g., through roof conversion or a third floor in the case of 

a flat roof) and thus create more residential units. At the same time, the flats of the 

1950s–1960s are often characterised by small and no longer contemporary flat lay-

outs, so that in new construction, larger residential units are often realised than are 

available in the existing inventory. As a result of these two opposing trends, the num-

ber of dwellings may remain the same, but the material costs per dwelling unit may 

102.22 

27.95 

14.11 
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increase due to the larger dwelling. In refurbishment projects, too, the issue of dwell-

ing size is often taken up and the number of dwelling units is changed through new 

layouts. Here, too, increasing the size of the flats and thus reducing the number of 

housing units is probably more important than creating smaller housing units for 

more single or senior households. 

The data for the modelling of the new building is based on data from Weißenberger 

(2016), who examined various nearly zero-energy buildings in terms of their material 

input and the associated ecological effects. This data was prepared by the WI in such 

a way that it can be adapted to different living or floor areas or different numbers of 

floors. This WI new construction model was also used to model the future housing 

demand of four municipalities in the UBA project DemRess II (in publication). 

In the work by Weißenberger (2016), nearly zero-low-energy buildings in different 

construction methods were investigated: Solid construction with thermal insulation 

composite systems (ETICS), solid construction monolithic or also in lightweight con-

struction. For the modelling of the new building, the data in solid construction with 

ETICS were used. These basically correspond to the data provided by LEG for two 

specific new building projects of its own in Cologne and Essen in the form of energy 

demand certificates. 

Compared to the existing building model, the new building model is much more de-

tailed regarding the material composition of the individual components of the build-

ing envelope. For example, in the existing building model there is only one external 

wall, and this consists of only three to four layers: the supporting structure, the insu-

lation, possibly facing and the plastering. In the new construction model, on the 

other hand, a distinction is made between different exterior walls: against outside air 

and against the ground; the same applies to ceilings (same temperature as well as 

different temperature). Each of these building components is also more detailed in 

its layer composition than the existing model. Thus, the exterior wall against outside 

air in solid construction with ETICS consists of 10 different layers, starting with inte-

rior paint, gypsum plaster and bonding bridges, to the supporting structure made of 

concrete, the EPS insulation, a reinforcing fabric between insulation and exterior 

plaster and finally the exterior paint.  

This diversity of layers enormously expands the number of materials to be consid-

ered and reduces the comparability with the as-built modelling. In addition, the data 

of the new building must be fundamentally compatible with the demolition model-

ling in order to compare them jointly with a refurbishment scenario in WP4. There-

fore, the material selection in the new building was adapted to the categories of the 

demolition (and thus the inventory scenario). This leads to the fact that new materi-

als are considered that are basically provided for in the inventory model but were not 

shown in the concrete modelling in the three example houses – for example, plaster-

board or XPS. Other material categories such as tile adhesive, interior paint, or min-

eral bonding bridges, on the other hand, are summarised in the category "Other". In 

the environmental assessment, there are often no suitable LCA (Life Cycle Analysis) 

processes available for these "other" building elements, so that all materials that are 

grouped in "Other" are not included in the ecological assessment. 
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Figure 7 and 8 (as well as in detail Tables 9 and 10 in the Appendix) show an over-

view of the material composition of the three example buildings as solid construction 

with ETICS. In principle, it would also be possible to show the materials according to 

building components as in the existing model. The material composition does not in-

crease significantly compared to the existing model, especially since the new building 

model includes balconies in all three buildings, while the existing model only in-

cludes them in Buildings B and C.  

 

Figure 7 Material Composition of New Buildings A to C (Building Envelope) in Tonnes 
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Figure 8: Material Composition of New Buildings A to C (Building Services) in Tonnes 

 

 

 

Like demolition, the construction of new buildings and the dismantling or produc-

tion of building materials are associated with environmental impacts. As in the dem-

olition model, these are mapped using the CED, CRD and carbon footprint indicators 

and include all environmental impacts along the upstream chain that were incurred 

in the provision of the material quantities documented in Tables 9 and 10 of the Ap-

pendix. These also include the transports along the process chain, providing they are 

included in the ecoinvent processes. No information is available on the resource use 

that would be generated in the construction of the buildings themselves, nor on the 

amount of production waste that would be generated in the construction of the build-

ings. Thus, the system boundary of the ecological assessment lies at the construction 

site itself and takes into account all expenditures in the upstream value chain from 

the extraction of raw materials including transporting them to the construction site. 

However, the construction site itself lies outside the system boundary of the new 

building modelling.3 

These upstream chains for individual materials can be very long, and the environ-

mental coefficients per tonne of material are sometimes very high, especially for me-

tallic raw materials. This becomes clear when one considers the low ore grade of cop-

per (usually below 1%) and thus gets an idea of how much material must be moved to 

---- 
3 In addition, relevant energy consumption or production waste also occurs in the alternative refurbishment. However, various 

construction projects that rely heavily on prefabricated components that are installed on site show that this can significantly 
reduce assembly time (which should also lower energy consumption on construction sites) and that less production waste is 
generated.  
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extract 1 tonne of copper. Moreover, metallurgical processes, similar to those in the 

cement industry, are very energy-intensive processes, even if, for example, reinforc-

ing steel is largely produced from scrap in the electric arc furnace and not from iron 

ore in the blast furnace process. 

The provision of the necessary materials for the new building is associated with an 

energy input along the upstream chain of 5,400 to 28,500 GJ. The values associated 

with demolition and recycling are approximately 4% of the values from the provision 

of materials for new construction. In other words, the CED would increase by about 

4% if the demolition of the existing buildings were included in the new construction. 

The very heterogeneous significance of the various building material categories is 

striking: Although mineral raw materials dominate in terms of quantity, the environ-

mental impact, at least in the case of the CED indicator, is determined much more 

strongly by other material categories. In the case of the carbon footprint and the 

CRD, the importance of metals in the total environmental impact also increases sig-

nificantly. 

Figure 9: CED of the Materials in New Construction of Building Envelopes A to C in GJ  

*

 

 

The cumulative raw material demand (CRD) is 1,900 or 10,500 tonnes (depending 

on the building type). This means that instead of the 1,280 to 7,000 tonnes stored in 

the buildings, the actual material demand along the upstream chain would be around 

150% of the amount that would be installed in the buildings themselves if these 

buildings were constructed in this way. 
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The environmental impact of the demolition and recycling of the demolition quanti-

ties is approx. 2.5% of the new construction. 

 

Figure 10: CRD of Materials in New Construction of the Building Envelope in Tonnes  

 

The provision of materials for the new buildings would be associated with green-

house gas emissions of 372 to 2,042 tonnes of CO2 equivalent along the value chain 

for these individual houses, depending on which of the three LEG example buildings 

is considered. Roughly a quarter of the emissions would be attributable to the pro-

duction of concrete, and approximately 40% of the carbon footprint would be associ-

ated with the production of steel. As steel is mainly used as reinforcing steel in the 

buildings considered here, the use of concrete and reinforced concrete would corre-

spond to around 2/3 of the carbon footprint of the buildings. 

Demolition and recycling also play only a minor role in the carbon footprint com-

pared to new construction – representing 3 to 4% of new construction. 
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Figure 11: Carbon Footprint of the Materials in New Construction of Building Envelopes A to C in 

Tonnes of CO2 Equivalent  

 

The detailed results for the building envelope (Tables 11 to 13 in the Appendix) in-

crease slightly if the material quantities of the building services are also considered 

(Tables 14 to 16 in the Appendix).  

While the quantities used in building services correspond to only 0.2% of the mate-

rial quantities used in the building envelope, the share of building services compared 

to the building envelope in the environmental assessment would increase from 2% to 

8%, depending on the environmental indicator. This higher share of building services 

in the environmental assessment along the upstream chain is due to the higher metal 

content in building services. But the quantities of materials used in building services 

would be too small to sustainably steer the results in a different direction. 

4.3 Economic Costs for Dismantling and Recycling Including New 
Construction 

The question of the costs of demolition and new construction versus refurbishment is 

an important basis for deciding which of the two strategic approaches should be pur-

sued, especially in LEG's rental segment.  

For the costs of refurbishment and new construction, information from LEG was 

used, and the contractor's focus was on researching costs resulting from demolition 

and recycling. 

For the scenario of demolition of the existing buildings and constructing replacement 

buildings, a distinction is made between demolition costs, costs for disposing of the 

material and costs for the new construction.  

In the step of demolition and disposal of the various materials, a distinction is also 

made between the following variants: 
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1. Materials that can be pre-sorted directly at the demolition site and sent 

directly for recycling. 

2. Not only is demolition included but also transport to the processing and 

sorting plant and the sorting itself. 

3. Variant 3, on the other hand, includes all those materials that can neither 

be pre-sorted directly from the demolition site and sent for material recy-

cling, nor those materials for which at least partial sizes can be materially 

recycled after processing and sorting, but are instead landfilled. 

For the calculation, data from the Excel tool "Determination of costs for dismantling 

and demolition work. Determination of separation and disposal costs of pollutant-

containing materials and components" (Kostenermittlung für Rückbau- und Abbru-

charbeiten. Ermittlung von Separations- und Entsorgungskosten schadstoffhaltiger 

Materialien und Bauteile), which was created as part of the REFINA "KMU entwi-

ckeln KMF" project is used.  

Demolition costs 

The demolition costs of the buildings basically refer to the gross volume (BRI) [m³], 

which results from the volume of the buildings according to DIN 277. Ceilings, walls, 

and roofs are included here. According to the underlying database of the calculation 

tool, the costs for demolition amount to 1.5 €/m³ BRI; gutting is estimated at 3.1 

€/m³ BRI. According to the basic data of the models on floor area, number of sto-

reys, width/length ratio, heights of basement, storeys, and roof as well as the roof 

area (cf. Table 3), the following BRI result for the three example existing buildings: 

2,677 m³ for Building A, 3,947 m³ for Building B and 8,305 m³ for Building C.  

Table 3: Quantities for the Calculation of the BRI  

 A B C 

Floor space [m²] 281 420 890 

Floors 2 3 4 

Width [m] 10 12 18 

Length [m] 28 34 50 

Height basement [m] 2.2 2.2 2.2 

Height storeys [m] 2.8 2.8 2.8 

Roof area [m²] 360 539 934 

Height roof [m] 2.8 2.8 2.8 

BRI [m³] 2,677 3,947 8,305 

 

The costs for the demolition therefore amount to: 

o Building A: €12,314.20 

o Building B: €18,156.20 

o Building C: €38,203.00 

Disposal costs  
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The disposal costs again refer to the mass of the different material fractions and are 

assumed as follows: 

The disposal of concrete is calculated at 8 €/t, bricks also at 8 €/t, other mineral ma-

terial at 13 €/t, wood at 50 €/t, metal at -120 €/t and the disposal of residual waste 

with 250 €/t. Metals are included negatively in the calculation because they can be 

resold at a profit.  

Furthermore, within the calculation tool, a distinction is made between three differ-

ent demolition scenarios: 

1. Non-selective demolition, in which a rough pre-sorting of the material 

mixture at the demolition site into the fractions concrete, brick, wood and 

metals is assumed and the components of the interior construction are not 

dismantled. It is assumed that 40% of the concrete and brick fractions are 

recycled and 50% each as other mineral material, 10% are disposed of. The 

wood and metal fractions are each recycled at 50% and disposed of at 50%.  

2. In the case of semi-selective demolition, a more precise pre-sorting of 

the material mixture at the demolition site is assumed in comparison to 

conventional demolition into the named fractions. In this process, 75% of 

the concrete and bricks are sorted and 21% are recycled as other mineral 

material. 4% is disposed of. The wood and metal fractions are each recy-

cled to 90% and disposed of to 10%. 

3. In the selective demolition scenario, the building materials are sepa-

rated as best as possible and recycled or disposed of according to type.  

No mixing of the demolition materials is assumed. The costs for gutting 

are multiplied by a factor of 1.5 due to the higher dismantling effort.  

Applied to the concrete fraction in the example existing building A, the demolition 

costs for a mass of 667.54 tonnes of concrete and a BRI of 2,677 m³ would thus be as 

follows: 

Table 4: Sample Comparison of Masses and Costs for Different Demolition Methods  

 Conventional Demolition Semi-selective Demoli-

tion 

Selective Demolition 

Mass [t] Costs [€] Mass [t] Costs 

[€] 

Mass 

[t] 

Costs 

[€] 

Allocation concrete 

fraction (8 €/t) 

267.02 2,136.13 500.66 4,005.24 667.43 5,340.32 

Allocation mineral 

fraction (13 €/t) 

333.77 4,339.01 140.18 1,822.38 0 0 

Allocation of resid-

ual waste fraction 

(250 €/t) 

66.75 16,688.50 26.70 6,675.4 0 0 

Dismantling* 1.5 €/m³ 417.21 1.5 €/m³ m–

3.1 €/m³ 

1,279.45 1.5 €/m³–

4.65 €/m³ 

1,710.57 

Total without  

dismantling 

667.54 23,163.64 667.54 12,503.02 667.54 5,340.32 

Total with  

dismantling 

 23,580.85  13,782.48  7,050.89 
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*The dismantling was calculated with reference to the volume of the concrete instead of using the BRI. 

For this, the mass of the concrete was calculated with the density of 2.4 t/m³. This approach was chosen 

to distort the result less.  

The Table 4 shows that the dismantling costs increase from conventional to selective 

demolition, but the total costs decrease due to simultaneously decreasing disposal 

expenses. 

Based on the previous findings and considerations, a partially selective demolition 

was assumed for the calculation in the present project. 

The compositions of the building envelopes of the three example existing buildings 

are shown in Table 5. Since the calculation tool only differentiates between the six 

fractions already mentioned – concrete, bricks, other mineral material, wood, metals, 

and residual waste –, the available masses are allocated to these fractions. Concrete 

and pumice concrete fall into the concrete fraction, solid bricks and porous bricks 

into the brick fraction, mortar/plaster and sand-lime bricks into the other mineral 

material fraction, wood remains as such, aluminium and steel are assigned to metals, 

mineral wool, EPS, foam glass and other insulation materials fall into the residual 

waste fraction. Glass, plastics, and other materials are not included in the balance, as 

they can neither be assigned to one of the first five fractions nor must be disposed of 

as residual waste. This neglect will not have a lasting effect on the result, as only a 

small volume flow is involved here.  

Table 5: Components of the Building Envelope of Existing Buildings A–C  

Building Envelope Compo-

nent 

Building Envelope 

A 

Building Envelope B Building Envelope C Category 

Concrete 667.54 1,373.61 4,747.52 Concrete 

Pumice concrete 66.80 247.36  Concrete 

Mortar/Plaster 17.83 135.37 312.88 Other mineral  

material 

Sand-lime brick  316.62 750.97 Other mineral  

material 

Solid brick/porous brick  

at C 

606.05 271.86 1,005.77 Brick 

Wood 12.55 20.04 12.96 Wood 

Mineral wool  0.57  Residual waste 

EPS 

 

0.99 1.32 Residual waste 

Other insulation materials/ 

foam glass at C 

0.45 1.89 12.81 Residual waste 

Glass 0.47 1.06 2.01 - 

Steel 43.87 91.62 492.86 Metal 
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Aluminium 

 

0.11 0.16 Metal 

Plastics  0.66 1.28 - 

Other   4.86 - 

Total 1,414.54 2,461.76 7,345.42  

 
The result is that the following costs are incurred for disposal in the case of partially 

selective demolition of the buildings: 

o Building A: €22,687.08 

o Building B: €35,980.29 

o Building C: €89,108.21 

 
New construction costs 

 
The costs for the construction of the respective new replacement building were as-

sumed to be 3000 €/m² living space in a first approach. This also includes costs that 

are not directly related to material costs for the building envelope or building ser-

vices. These can be, for example, costs for exterior works or for the construction of 

appropriate parking areas for the users of the building. Total costs of the refurbish-

ment projects studied per m of 2living space were also used for the refurbishment, 

even though here the refurbishment projects also include cost shares that are not re-

lated to the energy modernisation. 

o Building A: Living space 380 m2* €3000 = €1.14 million 

o Building B: Living space 852 m2* €3000 = €2.56 million 

o Building C: Living space 2,405 m2* €3000 = €7.21 million 

Together with the demolition and disposal costs of the existing building, this would 

result in approximate costs as follows: 

o Building A: €1.14 million + €12,314.20 + €22.887,08 = €1.18 million 

o Building B: €2.56 million + €18,156.20 + €35,980.29 = €2.61 million 

o Building C: €7.21 million + €38,203.00 + €89.108,21 = €7.34 million 
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5 Modelling of an Energetic Refurbishment of LEG Existing 
Buildings 

The refurbishment of the three example existing buildings is modelled based on ac-

tual LEG refurbishment projects. This approach was chosen for the following rea-

sons: 

o The modelling reflects well the actual extent of refurbishment in LEG build-

ing inventory. 

o Derived from this, the energy quality of the refurbished existing buildings 

can be transferred well to the modelled buildings. 

o And the economic costs of the actual refurbishment projects allow conclu-

sions to be drawn about average refurbishment costs per m of 2living space, 

which can thus be transferred to the three sample buildings.  

The existing building of the period 1949–1958 was modelled based on two refurbish-

ment projects in Düsseldorf; for the period 1959–1968, data from one refurbishment 

project each in Essen and Bielefeld were evaluated, and for the third building period 

(1969–1978), one building each in Dortmund and Castrop-Rauxel were used. All re-

furbishments took place within the last five years.  

While the energy-relevant part of the refurbishment of the two buildings in Düssel-

dorf was limited to the insulation of the façade, the basement ceiling and the replace-

ment of the exterior doors, the refurbishments in the other properties were more ex-

tensive and included both the replacement of the windows and, in three of the four 

projects, a modernisation of the roof. Insulation of the roof or the upper ceilings was 

carried out in all four refurbishments of the two recent construction periods. 

In all the refurbishment projects studied, similar insulation materials were installed 

in similar layer thicknesses. This information was transferred and considered in the 

modelling of the hypothetical refurbishment of the three example buildings. It is as-

sumed that in the case of window replacement, double-glazed low-energy new win-

dows were installed, which achieve a better U-value with insulating gas than conven-

tional double-glazed windows with air insulation between the two windowpanes. We 

assume PVC windows for both the old and new windows.  

The quantities of waste produced during refurbishment, such as removed windows or 

doors, were also assessed ecologically in analogy to the demolition model and must 

be assessed together with the environmental impact of the new materials used in the 

refurbishment. The waste quantities and their recycling are therefore taken into ac-

count in both the new construction and refurbishment scenarios. 

Not surprisingly, the material requirements and waste quantities resulting from re-

furbishment (Table 6) are significantly lower in the case of complete demolition of 

the existing buildings and subsequent new construction (see previous chapter).  

Accordingly, environmental impacts, measured with the three indicators CRD, CED 

and carbon footprint, are significantly lower in the refurbishment scenario (Fehler! 

Verweisquelle konnte nicht gefunden werden.).  

The refurbishments themselves are therefore only associated with additional mate-

rial requirements in the low tonne range, as are the waste quantities resulting from 

replacement. In Building B, the modelled roof refurbishment also assumes the re-

placement of roof tiles and rafters, while in the larger Building C, which does not 
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have a pitched but flat roof, primarily the roof covering is renewed during the refur-

bishment. This material is found in the "Other" category. Therefore, the total mate-

rial costs in Building B are higher, although the building volume of Building C is 

larger and accordingly more insulation material is used.  

 

Table 6: Material Requirements for Refurbishment and Waste Quantities from the Re-

placement of Parts of Building Envelopes A to C in Tonnes  

Building Envelope New 

Construction 

Building A Building B Building C 

 Refur-

bishment 

Waste Refur-

bishment 

Waste Refur-

bishment 

Waste 

Concrete        

Mortar/Plaster       

Solid brick   24.24 24.24   

Wood 0.60 0.60 15.44 15.44 4.27 4.27 

Plasterboard       

Mineral wool       

XPS       

EPS 1.42  3.78 0.99 6.23 0.92 

Other insulation materials       

Steel 0.02 0.02 0.67 0.67 1.35 1.35 

Aluminium     0.22 0.22 

Zinc       

Glass   0.95 0.95 2.07 2.07 

Total plastic   0.66 0.66 1.28 1.28 

Other     4.86 4.86 

Total 2.03 0.62 45.75 42.95 20.29 14.98 

 

Due to the few material categories and small quantities, only the total values of all 

materials listed in Table 6 are shown in Figure 12.  

The CED in Buildings A and C is mainly determined by the EPS insulation material, 

while in Building B the higher proportion of wood with its energy input for drying is 

reflected in the CED result. For the carbon footprint, on the other hand, wood only 

plays a minor role. EPS as an insulating material and the manufacturing processes of 

glass, aluminium, and steel which are built into new windows and doors are particu-

larly relevant here. Therefore, the carbon footprint of Building C is also higher than 

for building B, even though the total amount of materials used in building C during 
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the refurbishment was not half as high. However, this mainly includes materials 

whose production is associated with high GHG emissions.   

 

Figure 12: Environmental Impact of the Material Requirements for the Refurbishment of the Example Buildings 

 

 

 

The sorting and recycling of the waste quantities resulting from the refurbishment 

also cause environmental impacts, which are again shown in Figure 12 as the sum of 

all waste categories for the three modelled buildings. The small amounts of wood and 

steel waste from Building A, derived only from the replacement of the doors, cause 

very little environmental impact within the system boundaries chosen in this study. 

In the demolition model, it is assumed that doors and windows are completely re-

moved. However, subsequent thermal recycling of wooden doors is then outside the 

system boundaries derived from ecoinvent. 

The difference between the carbon footprints of Building A and Buildings B and C is 

mainly due to the roof covering. For the flat roof in Building C, it is assumed in the 

modelling that the bituminous roofing membranes are thermally recycled after dem-

olition, which is associated with a high carbon footprint. In Building B, the carbon 

footprint is mainly explained by the removal of the thin insulation layer, which is 

produced as non-recyclable waste during the new insulation. 

  

Figure 13: Environmental Impact of Sorting and Recycling the Waste Quantities Resulting from the 

Refurbishment of the Example Buildings 
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5.1 Economic Costs for Refurbishment 

In order to be able to include the incurred refurbishment costs of the respective 

buildings in the cost calculation, the data provided by LEG on refurbishments al-

ready carried out were analysed in terms of their refurbishment costs and measures 

to obtain a meaningful price per area.  

For type A buildings, two projects were compared in Düsseldorf in Oberrather 

Straße, where the refurbishment costs per square metre of living space were 

383 €/m² and 355 €/m², respectively. Since the projects are very similar in terms of 

the refurbishment measures undertaken and the costs, an average value of 369 €/m² 

is assumed here for further calculations. Based on the total living space of 380 m², 

this results in refurbishment costs of €140,220 for building type A. 

If one analyses the two projects in Essen and Bielefeld, which can be classified as 

type B, the following data is available: In Essen, the refurbishment costs amounted to 

330 €/m², whereby the roof was comprehensively renovated and insulated, while in 

Bielefeld the roof was not refurbished but the windows were replaced. The costs for 

the renovation in Bielefeld amounted to 348 €/m². Since for the modelled example 

building B both a renovation and insulation of the roof and the replacement of the 

windows are planned as part of the energy refurbishment, the following procedure is 

used for the further calculation: The total costs for the replacement of the windows in 

the amount of €37,246 are taken from the project in Bielefeld. These total costs, re-

lated to the living space of the Bielefeld project, result in costs of 70.90 €/m². In or-

der to combine the costs for roof and window refurbishment, these costs for window 

replacement per area are related to the area of the project in Essen, resulting in reno-

vation costs totalling 330 €/m² + 71 €/m² = 401 €/m² living space. This value thus 
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includes the costs for the roof refurbishment as well as the costs for the replacement 

of the windows. For the example building type B with a living space of 852 m², the 

renovation costs thus amount to a total of €341,652. 

For cluster C buildings, two LEG refurbishment projects in Dortmund and Castrop-

Rauxel were analysed. When comparing the renovation costs per area, a large dis-

crepancy of 842 €/m² was found in Castrop-Rauxel and 442 €/m² in Dortmund. To 

obtain a meaningful value for the further calculation, the refurbishment measures of 

the two projects were compared. It was noticeable that in Castrop-Rauxel, in the cost 

areas of façade work, heat supply systems/heating, electrical and outdoor facilities, 

some additional items and some higher percentage shares were listed. Particularly 

noteworthy are: 

• The mining damage to the façade in Castrop-Rauxel, which was repaired 

by grouting cracks, at an estimated additional cost of €9,000. 

• The re-insulation of water-bearing pipes in the basement, with additional 

costs of around €2,500. 

• A more comprehensive renewal and modernisation of the electronics, such 

as the installation of intercoms, which was accompanied by percentage and 

actual additional costs of €9,500 compared to €7,200 in Dortmund, as 

well as 

• percentage additional costs for the creation of the outdoor area. 

These and other items explain the large difference between the refurbishment costs 

per area at the two locations. For the further calculations, an average value of the 

renovation examples was formed on this basis, which thus amounts to 642 €/m². 

This assumption seems reasonable, as it can also reflect a portion of unforeseen addi-

tional costs in addition to the basic costs incurred. With a total living space of 2,405 

m² for building type C, the total costs for the energy-efficient refurbishment thus 

amount to €1,544,010. 

 

Table 7: Overview of Incurred Refurbishment Costs 

 

Building Type Example Refurbishment Costs 

[€/m²] 

 

Living Space [m²] 

 

Total Refurbishment Costs 

[€] 

A 369 380 140,220 

B 401 852 341,652 

C 642 2,405 1,544,010 
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6 Comparison and Ecological Assessment of Refurbishment vs. 
Retrofitting and New Construction, Considering the Utilisation 
Phase 

 

It is clear from the previous two chapters that refurbishment performs significantly 

better than demolition of the existing buildings and subsequent new construction in 

terms of raw material quantities, associated environmental impacts and costs. 

But what about the energy quality of the two possible types of building: the refur-

bished and the new building? To this end, this chapter will simulate and analyse a 

utilisation phase over 50 years (until the year 2070). The aim is to answer the ques-

tion of whether the new buildings, which start with a significantly higher ecological 

footprint at the beginning of the assumed utilisation phase, can make up for their ini-

tial disadvantage in the CED and CO2 emissions indicators over the course of these 

50 years due to the possibly better energy quality of their building envelope or the 

more ecological technology for providing heat and hot water and can even overtake 

the refurbished buildings. 

The following should be noted as restrictive: 

• In this project, no energy calculation/modelling based on the U-values of 

building components or similar was carried out. 

• Instead, the primary and final energy demand of specific new construc-

tion and refurbishment projects of LEG were used.  

• It was not the aim of the analyses to compare different technologies for 

the provision of heat and hot water. 

• However, two scenarios of the utilisation phase were calculated: firstly, 

the continuation of the current status quo until 2070. For buildings that 

currently cover their heat and hot water demand with natural gas or dis-

trict heating, this means that they will continue to do so in 2070 in Sce-

nario 1. 

• Only in the case of electricity demand was the abiotic primary energy fac-

tor from 2035 significantly reduced to 0.4 (currently 1.8) and set to al-

most zero from 2050, in order to reflect the ever-increasing share of re-

newable energies in the German electricity mix and 100% renewable elec-

tricity from 2050 at the latest. 

• In the second scenario, on the other hand, it is assumed that the heat and 

hot water demand will only be met with natural gas until the year 2036, 

and that the buildings will then be converted to air-to-water heat pumps. 

The associated material requirements and waste quantities for installa-

tion and removal were considered and the new emission and primary en-

ergy factors subsequently adjusted. 

• Buildings with district heating continue to be supplied with district heat-

ing in Scenarios 1 and 2. However, this becomes "greener", be it in the 

form of district heating based on biomass or the use of wastewater heat or 

similar. 
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• Further technical efficiency gains in the future or adaptations of heating 

and hot water technology are not examined.  

• Other possible future regulations, such as obligatory photovoltaics or so-

lar thermal energy on the roofs of existing buildings, were not examined 

for their effects on the results. 

• Furthermore, it is assumed that all building components – even in the re-

furbished building – still have a remaining service life of 50 years and do 

not need to be replaced within the period under consideration.4 

• This is a very simplifying and unrealistic assumption – especially for 

Building A, where no current roof refurbishment was modelled. 

 

6.1 Model Assumptions for the Extrapolation of the Utilisation Phase 

The assumption underlying these calculations is that the example houses modelled in 

the project roughly correspond in their energy quality to the buildings for which con-

crete data are available from various LEG refurbishment projects and that have simi-

lar values both before and after refurbishment and are thus transferable to the exam-

ple houses. Likewise, that the energy quality of our modelled new buildings reflects 

the values taken from a concrete new LEG construction project. For this purpose, the 

material components and thicknesses of the building elements we modelled were 

compared with the component lists of the LEG new construction project, and the 

heating technology in the modelled new construction was therefore specially adapted 

again with an air-water heat pump.   

Nevertheless, it must be made clear that the final energy demand of a building is 

strongly dependent on the floor plan, geographical orientation, number and position 

of the windows and the like. These various factors cannot be considered in modelled 

building types that serve as representatives of the building inventory of an entire dec-

ade, which is why at this point the building energy quality in the form of the concrete 

final energy demand can always only represent approximations if these local factors 

are not concretely defined for the modelled building. 

It is noticeable that the LEG refurbishment projects do not have a very wide range in 

terms of their final energy demand after renovation and are mostly in the range of 

90–110 kWh/ma2. However, it is also evident in which buildings a roof refurbishment 

was carried out (and thus tend to be at 90 kWh/ma2) and in which not.  

The big difference, however, is about the primary energy demand. This is calculated 

based on the final energy demand by multiplying the final energy demand by the pri-

mary energy factor (or proportionately by different factors for different energy 

sources). As a quotient of primary and final energy, the primary energy factor is an 

indicator of the losses that occur during the extraction or generation, distribution 

and storage up to the provision of an energy source. The primary energy factor is di-

vided into its non-renewable and renewable components. If the primary energy de-

mand of a building is calculated from the final energy demand, each energy source 

used must be multiplied by the corresponding non-renewable primary energy factor. 

---- 
4 With exception of the conversion from natural gas to air-to-water heat pump in 2035. 



Refurbishment or New Construction Wuppertal Institute for Climate, Environment, Energy 

 

36 | Wuppertal Institute 

For a pellet heating system, the final energy demand covered by the pellet heating 

system would be multiplied by the non-renewable share of the primary energy factor 

of 0.2 (see Table 8). For air-to-water heat pumps, the electricity consumption is mul-

tiplied by the primary energy factor of electricity (currently 1.8). For district heating, 

however, there is the problem that the electricity credit method may – and is – used 

for the primary energy assessment. Compared to other allocation methods, this allo-

cation method often leads to very good results regarding the fossil primary energy of 

the heat share and under certain circumstances may even be negative. 

However, a low primary energy factor for district heating does not necessarily mean 

that low greenhouse gas emissions are associated with it. Therefore, the concrete CO2 

emissions of district heating are very much dependent on the concrete electricity 

credit level as well as specific fuel input and must be considered on a plant-specific 

basis. In this study, therefore, an average emission factor for district heating of 

243 g/kWh is assumed, which decreases during the update to 2050 – namely to 

105 g/kWh in the year 2035 and 30 g/kWh in 2050. These decreasing factors by the 

year 2050 reflect an expected far-reaching shift away from fossil fuels in the genera-

tion of district heating. Instead, alternative heat sources such as commercial waste 

heat, solar thermal energy, wastewater heat, river water heat, near-surface and deep 

geothermal energy and – to a lesser extent – the use of biomass for heat generation 

will become more important.  

 

Figure 14: Schematic Definition of the Primary Energy Factor PEF Using the Example of Wood as an Energy 

Source5 

 

The two energy indicators have different statements: While the final energy demand 

says something about the energy efficiency of the heating technology and building 

envelope, the primary energy demand is important above all regarding the CO2 effi-

ciency of a building. Therefore, only the non-renewable part of the primary energy 

factor is used in the calculation. In addition, the comparability of different heating 

systems with different energy sources is only given if the energy losses from the com-

bustion processes are considered for each energy source, which would not be possible 

---- 
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in a comparison of, for instance, electricity (or the share from thermal processes) and 

natural gas at the level of final energy consumption. 

The differences between primary and final energy demand lead to the fact that two 

buildings can have very similar values concerning their final energy demand; the 

building envelope thus has a similar quality (and is thus also classified in the same 

energy efficiency class of buildings) but can be very different in its primary energy 

demand with different energy sources. This is exactly what can be observed in the 

LEG refurbishment projects examined: Buildings that can meet their heating and hot 

water needs predominantly with district heating have lower primary energy demand 

thanks to the electricity credits. Buildings whose energy source for heat and hot wa-

ter is natural gas or a mixture of natural gas and electricity, on the other hand, have 

increasing primary compared to final energy demand, since a primary energy factor 

of >1 is used here (Table 8). 

Table 8: Tabulated Primary Energy Factors from DIN V 18599-1 (Source: Wuppertal Institute 2015) 

Energy sourcea) Primary energy factors PEF 

Total Non-renewable 

Fossil fuels Heating oil 1.1 1.1 

Natural gas 1.1 1.1 

Liquid gas 1.1 1.1 

Hard coal 1.1 1.1 

Lignite 1.2 1.2 

Biogenic fuels Biogas 1.5 0.5 

Bio-oil 1.5 0.5 

Wood 1.2 0.2 

Local/District heating from 

combined heat & power (CHP) 

generationb) 

Fossil fuels 0.7 0.7 

Renewable fuels 0.7 0.7 

Local/District heating from 

heating plants 

Fossil fuels 1.3 1.3 

Renewable fuels 1.3 0.1 

Electricity General electricity mix 2.8 2.4 (ab 2016: 1.8)c) 

Displacement electricity mix 2.8 2.8 

Environmental energy Solar energy 1 0 

Geothermal energy 1 0 

Ambient heat 1 0 

Ambient cooling 1 0 

Waste heat within the building from processesd) 1 0 

a) Reference value final energy: Heat value Hi 
b) Figures are typical for average local/district heating with a CHP share of 70%. 
c) Bracketed value for 2016 is not part of DIN V 18599 but defined differently in EnEV 2014. 
d) Defined in DIN V 18599 section 3.1.32 (p. 15). 
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Differences between the two scenarios 

In both scenarios, two different variants of heat and hot water supply were calculated 

for Buildings B and C. In one case, it was assumed that this was provided entirely by 

district heating (Building C) or by a combination of district heating and a small 

amount of electricity (Building B). In the second variant, it is assumed that heat and 

hot water are provided via natural gas (with a mix of predominantly natural gas and 

a small share of electricity). This therefore also reflects two of the most important en-

ergy sources for the heating demand in LEG's building inventory (district heating 

and natural gas). 

In Scenario 1, this fuel mix remains unchanged until 2070 – albeit, with decreasing 

emission factors for district heating and electricity (here also decreasing primary en-

ergy factors). This thus primarily affects the extrapolation of calculations of new and 

refurbished buildings in which heat and hot water are provided via district heating. 

In the "natural gas" variant, on the other hand, the development is linear since both 

the primary energy and emission factors for natural gas remain unchanged. Alterna-

tively, in Scenario 2 it is assumed that for the "natural gas" variant, a switch to air-

water heat pumps will take place for the provision of heating and hot water from 

2036 onwards. For this purpose, the new final energy demand from 2036 onwards 

when using a heat pump was estimated based on the usable energy demand and an 

annual performance factor (APF) of 2.6 for existing buildings. It is assumed that the 

usable energy demand for buildings with less than 8 residential units (i.e., Building 

A) is approx. 55 W/m2 and for buildings with 8 and more residential units close to 

50 W/m2. Furthermore, it is assumed that the old radiators can continue to be used 

with an air-water heat pump and that no further adaptations are necessary, such as 

the installation of underfloor heating with a lower flow temperature.   

Actual refurbishment projects were used to determine the final energy demand, some 

of which consisted of several buildings that were, however, refurbished together and 

therefore included in the LEG data as a total. The individual buildings of a joint reno-

vation project sometimes have slightly different final and primary energy values, 

which is why the average value was calculated in each case. 

The two refurbishment projects that were used as a model for Building B (Essen and 

Bielefeld) differ not only in terms of the energy sources used, but also with respect to 

the refurbishment effort and the energy quality to be derived from it. Since the refur-

bishment scenario for Building B assumes extensive refurbishment, corresponding 

more to the refurbishment project in Essen, the final energy demand for the Essen 

project was used for Building B and the primary energy demand was adjusted for an 

energy source of natural gas and electricity via the primary energy factors.   
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Table 9: Evaluated Refurbishment and New Construction Projects and Their Final or Primary Energy De-

mand in kWh/m2 Floor Space and Year for the Start of Extrapolation in 2020 

Object Scope of Refurbishment Final Energy 

Demand 

(mean value) 

Primary En-

ergy Demand 

(mean value) 

Energy Source 

Refurbishment     

Düsseldorf (example 

for Building A) 

Insulation facade and basement, re-

placement doors 

117.65 133.15 Natural gas 

Food (example for 

Building B) 

Insulation facade and basement, 

roof refurbishment and insulation 

91.90 58.03 District heating, elec-

tricity 

Bielefeld (example for 

Building B) 

Insulation of facade, replacement of 

windows 

118.00 132.00 Natural gas, electricity 

Dortmund (example 

for Building C) 

Insulation facade and basement, 

roof refurbishment and insulation, 

window replacement 

99.50 13.00 District heating 

Castrop-Rauxel (exam-

ple for Building C) 

Insulation facade and basement, 

roof refurbishment and insulation, 

window replacement 

101.77 123.73 Natural gas, electricity 

New Construction     

Building A  24.54 44.16 Air-to-water heat pump 

Building B-C  22.30 40.14 Air-to-water heat pump 

 

The energy performance certificates of the refurbished buildings do not show the re-

spective share of district heating and electricity or natural gas and electricity in the 

respective final energy consumption. However, the ratio of electricity to district heat-

ing or natural gas can be derived from the difference between final and primary en-

ergy demand and the primary energy factors of the individual energy sources. Hence, 

the electricity share can be adjusted with different primary energy factors in the fu-

ture (o.4 from 2036, 0.1 from 2051). The primary energy factors for fossil fuels and 

electricity are specified via flat-rate values in the DIN standard DIN V 18599-1. In the 

case of district heating, flat-rate values may only be used if district heating networks 

are involved that either have a share of heat from combined heat and power plants of 

more than 70% or in the case of district heating from heating plants operated exclu-

sively with renewable or fossil fuels. In the case of the Dortmund refurbishment pro-

ject, this is obviously the case (or the electricity credits are exceptionally high). This 

seems to be a district heating network connected to a heating plant with renewable 

fuels, which is why a primary energy factor of 0.1 can be applied. The low mark-up is 

probably due to small amounts of operating electricity. 

Based on these considerations, the extrapolations were calculated with the following 

primary and final energy values:  
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Table 8: Energy Demand Values Used in kWh/ma2 for Extrapolation of the Status Quo until 2070 (Scenario 1) 

Object Final Energy 

Demand 

Primary En-

ergy Demand 

until 2035 

Primary En-

ergy Demand 

2036–2050 

Primary En-

ergy Demand 

from 2051 

Refurbishment     

Building A (natural gas) 117.65 133.15 133.15 133.15 

Building B (district heating/electricity) 91.90 57.79 36.00 31.33 

Building B (natural gas/electricity) 91.90 102.81 99.37 98.64 

Building C (district heating) 99.50 13.00 13.00 13.00 

Building C (natural gas/electricity) 101.77 123.36 100.53 95.64 

New Construction     

Building A 24.54 44.16 9.82 2.54 

Building B-C  22.30 40.14 8.92 2.23 

   

Table 9: Energy Demand Values Used in kWh/ma2 for Extrapolation of the Status Quo until 2070 (Scenario 2) 

 

Object Final Energy 

Demand until 

2035 

Primary En-

ergy Demand 

until 2035 

Final Energy 

Demand 

from 2036 

Primary En-

ergy Demand 

2036–2050 

Primary En-

ergy De-

mand from 

2051 

Refurbishment      

Building A (natural gas. Changeo-

ver WP 2036) 

117.65 133.15 36.36 14.54 3.64 

Building B (district heating/elec-

tricity) 

91.90 57.79 91.90 36.00 31.33 

Building B (natural gas/electric-

ity, changeover to WP 2036) 

91.90 102.81 33.36 13.22 3.31 

Building C (district heating) 99.50 13.00 99.50 13.00 13.00 

Building C (natural gas/electric-

ity, changeover to WP 2036) 

101.77 123.36 33.36 13.22 3.31 

New Construction      

Building A 24.54 44.16 24.54 9.82 2.54 

Building B-C  22.30 40.14 22.30 8.92 2.23 

 

As can be seen from the Tables 10 and 11, the final and primary energy value of the 

new building is significantly lower than those of refurbished Buildings B and C. This 

is partly because an air-water heat pump is directly provided as a heat source in the 

new building, which causes a low final energy demand due to its high efficiency (as-

sumed APF = 3.9) and benefits in the future from decreasing primary energy factors 
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for electricity, thereby also achieving very low values in terms of primary energy de-

mand. Table 11 clearly shows that with an anticipated switch to heat pumps and the 

simultaneous shift away from fossil fuels, the primary energy requirements per m2 

space and year for both district heating and electricity generation for the renovated 

buildings will converge; however, there will still be differences between new and re-

furbished buildings in terms of the energy efficiency of the utilisation phase. 

 

Comparison of energy consumption until 2070 

First of all, the primary and final energy demand of the two alternatives "demoli-

tion/new construction" and "refurbishment" will be presented, including the utilisa-

tion phase, up to the year 2070. This is done for different heat and hot water supply 

technologies and two different scenarios.    

 

Figure 15 a–c: Extrapolation of Final Energy Consumption Including the Utilisation Phase for Buildings A–C  
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The different starting points of the curves result from the CED (cumulative energy 

demand) for demolition, new construction, and refurbishment. The final or primary 

energy demand of the utilisation phase was converted from annual kWh to GJ and 

added to the initial value from demolition/waste treatment/new construction or re-

furbishment/waste treatment. In some cases, the curves of final energy demand and 

Scenarios 1 and 2 run parallel, so that not all lines of the legends can be seen in the 

diagrams, as they overlap (e.g., in Building B, where the two scenario curves for re-

furbishment with district heating and with natural gas in Scenario 1 do not differ in 

terms of final energy demand).  
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Due to the low final energy demand of the new buildings, the refurbished buildings 

in Scenario 1 overtake the new buildings – despite a favourable starting point at the 

end of the 2050s – and have a higher total energy demand from this point onwards 

(Figure 15 a–c). Only in the case of a switch from natural gas to heat pumps (Sce-

nario 2) does the curve of the utilisation phase flatten sufficiently for the refurbished 

buildings, so that they still perform more positively in their overall energy balance 

than new buildings by 2070. But when heat pumps are used in refurbished buildings, 

there is a slow convergence of the two curves, as the final energy demand of the new 

buildings is lower than that of the refurbished buildings, although heat pumps are 

used in both buildings. This is due to the better quality of the building envelope in 

the new buildings compared to the existing refurbished buildings. 

Figure 16 a–c: Extrapolation of Primary Energy Consumption Including the Utilisation Phase for Buildings A–C 
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In the projection of the primary energy demand, on the other hand, there are differ-

ent progressions depending on whether heat pumps, district heating or natural gas 

are used for the heating and hot water demand. If natural gas is the (main) energy 

source, refurbished buildings continuously lose their initial advantage – which they 

have due to the lower raw material requirements through refurbishment compared 

to new buildings – and are caught up by the corresponding new buildings during the 

years leading up to 2050, as is also the case with the final energy demand for all three 

buildings examined. If, on the other hand, district heating is the (main) energy 

source, refurbished buildings will still have a clear lead in terms of total cumulative 

primary energy consumption in 2070. In Scenario 2, even the refurbished building 
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that initially covered its heat demand with natural gas remains below the curve of the 

new buildings when the heat supply is converted to heat pumps in the middle of the 

next decade. In addition, Figures 16a–c show the decreasing primary energy factors 

for district heating and electricity. 

 

Comparison of greenhouse gas emissions until 2070 

The different curves of the energy performance indicators in connection with differ-

ent emission factors of the various heat sources and over time have corresponding 

effects on how the two alternatives "demolition/new construction" versus "refurbish-

ment" behave regarding the total carbon footprint. As with the energy performance 

indicators, the refurbished buildings start with a big advantage, as the carbon foot-

print of the materials required for refurbishment is significantly lower than the foot-

print of those that would be required for new construction.  

The emission factors used are listed in Table 12. For district heating, however, the 

real emission factors can vary greatly and depend strongly on the real fuel input of 

the individual plants and the amount of electricity credits. The values reflect an aver-

age value for Germany. Many older studies also list significantly higher emission fac-

tors for the electricity mix in Germany (approx. 500 g/kWh). But current (estimated) 

figures from the UBA6, which take into account7 the meantime quite high share of 

renewable energy in the German electricity mix, arrive at significantly lower emission 

factors here. 

 

Table 10: Emission Factors Used in CO2 g/kWh Equivalents for Extrapolation of the Status Quo Until 2070 

Energy Source Until 2035 2036–2050 From 2051 

Power 366 150 5 

District heating 243 105 30 

Natural gas 231 231 231 

 

The decreasing emission factors for electricity and district heating are estimated and 

derived from the assumed decreases in primary energy factors (natural gas) or from 

the studies of Fraunhofer ISE8.  

 

Figure 17 a–c: Extrapolation of the Greenhouse Gas Emissions of the Final Energy Demand Including the Utilisation 

Phase for Buildings A–C 

 

---- 
6 https://www.umweltbundesamt.de/themen/klima-energie/energieversorgung/strom-waermeversorgung-in-zahlen#Strommix 

 
8 https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Fraunhofer-ISE-Studie-Wege-zu-einem-

klimaneutralen-Energiesystem.pdf 

https://www.umweltbundesamt.de/themen/klima-energie/energieversorgung/strom-waermeversorgung-in-zahlen#Strommix
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Fraunhofer-ISE-Studie-Wege-zu-einem-klimaneutralen-Energiesystem.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Fraunhofer-ISE-Studie-Wege-zu-einem-klimaneutralen-Energiesystem.pdf
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Figures 17 a–c show that the demolition and new construction of buildings is associ-

ated with high greenhouse gas emissions and – when using efficient technologies for 

heat generation such as heat pumps –even today is equivalent to about one hundred 

times the greenhouse gas emissions resulting from the utilisation phase. In other 

words: New buildings with heat pumps could be heated for 100 years before the CO2 

balance of heat and hot water production in the utilisation phase equals the carbon 

footprint resulting from demolition, waste treatment and subsequent new construc-

tion. 

However, if natural gas were used to generate heat and hot water throughout the en-

tire period under consideration, refurbished buildings would eventually catch up 

with new buildings in the CO2 balance as well. This happens somewhat later than in 

the case of energy-related considerations, since the emission factors for electricity are 

initially greater than for natural gas, and in our assumptions this ratio only changes 

from 2036 onwards (see Table 12)9. 

The extrapolation of the carbon footprint of the primary energy demand basically 

shows very similar curves. However, the curves are more pronounced with decreas-

ing primary energy factors and simultaneously decreasing emission factors than with 

the curves of the greenhouse emissions of the final energy demand.  

 

---- 
9 However, this is due to the methodology of the modelling, which does not provide for annually sliding emission factors but only 

adjusts the emission factors in 2035 and 2050. Nonetheless, if the very ambitious targets of the new German government 
were to be implemented, the share of renewable energy would increase annually and thus the emission factor for electricity 
would presumably still fall below the value for natural gas in the 2020s. In this sense, the course of the utilisation phase mod-
elled here is rather conservative due to the methodology chosen.    
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Figure 18 a–c: Extrapolation of the Greenhouse Gas Emissions of the Final Energy Demand Including the Utilisation 

Phase for Buildings A–C 

 

 

 



Refurbishment or New Construction Wuppertal Institute for Climate, Environment, Energy  

 

Wuppertal Institute | 49 

 

 

If this overall consideration of greenhouse gas emissions along the lifecycle of con-

struction, use, demolition, waste treatment and recycling is standardised to charac-

teristic values per dwelling unit, it becomes apparent that the orders of magnitude 

between the three building types are not very different. The differences lie on the one 

hand in the fact that the living space per dwelling unit in the newer existing buildings 

(and thus also in the simulated (replacement) new buildings) is somewhat higher 

than in Buildings A and B. The higher values for Building A compared to Building B 

are due to the poorer quality of the building envelope in the refurbished buildings. In 

the new buildings, the tendency towards higher heating demand per m2 in Building A 

and the lower living space cancel each other out, so that the values for Buildings A 

and B per residential unit are almost identical. 

For the refurbished buildings (Figure 19b), it is noticeable that the emissions come 

almost entirely from the utilisation phase and can be halved if the heat and hot water 

are not produced with natural gas but with district heating or a heat pump instead.  
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Figure 18 a–b: Greenhouse Gas Emission of the Final Energy Demand Converted to Residential Units in Tonnes 

CO2 Equivalents   

   

 

If the emission factors are related to the primary energy demand (Figure 20 a–b), the 

values for the three new buildings change only very slightly and are somewhat higher 

per residential unit. This is due to the fact that in the modelling over the three phases 

1) until 2035, 2) 2036–2050 and 3) from 2051 onwards, quite high CO2 emissions 

are still expected in the electricity mix in 2035, which only decrease significantly 
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from 2036 onwards. The same applies to the primary energy factor for electricity, 

which in the calculations is still 0.9 in 2050 and only drops to 0.1 thereafter. If the 

emission and primary factors were to decline evenly each year, the bar charts would 

appear somewhat different. 

When comparing the different technologies of the refurbished buildings to the car-

bon footprint of the final energy demand, it is noticeable that district heating has the 

advantage over the electricity-fuelled heat pump that, in the assumptions chosen 

here, district heating already has only one third of the emission factor from 2036 and 

benefits directly from 2020 onwards from low primary energy factors.  

 

 

Figure 19 a–b: Greenhouse Gas Emission of Primary Energy Demand Converted to Residential Units in Tonnes CO2 

Equivalents   
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7 Classification of the Results from WP4 in Political-Regulatory 
Framework Conditions 

The data basis and modelling developed in the previous work packages show the eco-

logical advantages of refurbishment compared to new construction – at least regard-

ing the case studies specifically considered here.  

Against this background, the following section will outline which developments at the 

political-regulatory level could also contribute to providing additional impetus for 

refurbishment.  

The following remarks are essentially based on the Wuppertal Institute's participa-

tion in scientific research accompanying various projects, including the monitoring 

of the Green Deal by the European Environmental Agency within the framework of 

the European Topic Centre on Waste and Materials in a Green Economy and the 

monitoring of the Resource Efficiency Programme (ProgRess III). Of course, it must 

be emphasised that assessments of the further development of ProgRess, for exam-

ple, can be centrally influenced by current political developments that are beyond 

any prediction – such as the current development of the coalition negotiations for the 

next German government.  

In the following, two levels of regulation are to be distinguished: 

• On the one hand, the European level with the Renovation Wave, the imple-

mentation of the Circular Economy Action Plan, or the effects of the EU 

Taxonomy; 

• on the other, the national level with the further implementation process of 

the Circular Economy Act, or a possible national circular economy strat-

egy. 

7.1 EU Level 

With the Green Deal, the European Commission has presented its strategic agenda, 

the core of which is to ensure the long-term competitiveness of Europe as a business 

location. The goal of climate neutrality and the corresponding Fit for 55 programme 

are based on the fundamental assumption that an ambitious climate and environ-

mental policy will form the basis for future export opportunities and cost advantages, 

such as by increasing energy efficiency or expanding renewable energies. 

The link between innovation, industrial and environmental policy is particularly evi-

dent in the Circular Economy Action Plan, which was presented in March 2020 as 

one of the first concrete implementation strategies. The driving force here is the Vice-

President of the Commission, Franz Timmermans, who already in the previous EU 

Commission under Juncker located the responsibility for the first Circular Economy 

Action Plan in the Directorate-General for Economic Affairs and since then has 

aimed particularly at reindustrialising Europe, regionalising value chains and creat-

ing new jobs in a Circular Economy.  

Linked to this strategic orientation is the design of political instruments which, un-

like classic environmental policy, is not primarily aimed at averting danger but in-

creasingly at market developments and innovation processes – albeit with sometimes 

harsh market interventions and regulatory requirements. 
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In the context of the EU Circular Economy Action Plan, the sector "Construction and 

Buildings" was identified as one of the central value chains that would particularly 

benefit from a transformation towards a circular economy; here, inter alia, with ref-

erence to the relevance of waste streams and the possible savings potential through 

increased material efficiency. 

Among other things, adjustments to the Construction Product Regulation were an-

nounced, especially regarding the use of recycled raw materials. For the revision of 

such regulations, the Commission has repeatedly described the revision of the Bat-

tery Directive as a "blueprint" from which the methodological approach can also be 

seen for other key value chains. It can therefore be clearly expected that the Commis-

sion will in future introduce a minimum recycling rate for key construction products 

made of plastics, such as pipes. The aim here is on the one hand the direct reduction 

of greenhouse gas emissions through the replacement of primary plastics, but indi-

rectly above all the creation of a secure demand for high-quality recyclates and thus 

incentives for the development of a European collection and recycling infrastructure 

for plastics. 

This will foreseeably result in economic incentives for refurbishment as opposed to 

new construction, if significantly fewer new plastic products aligned with these speci-

fications must be used here. Currently, there is a clear shortage of high-quality plastic 

recyclate in Europe, as recyclers have hardly invested in the corresponding plants 

and technologies due to the uncertain market situation. The example of PET, which 

can also be used in packaging that comes into contact with foodstuffs if it is collected 

separately (e.g., via deposit systems as in Germany), shows the effects of demand 

clearly exceeding supply: Currently, the price for qualitatively comparable rPET is 

sometimes up to 20% higher than for new PET. Many players consider these market 

developments to be so long-term that an increasing integration of the value chain can 

be observed on the market: Companies such as Aldi or the Schwarz Group are invest-

ing in their own recyclers in order to secure access to their own material flows.  

A second starting point will be the "digital logbooks" for buildings, which will be 

mandatory in the future and will be used to record the quantities, quality, and locali-

sation of raw materials in buildings. The goal here is, on the one hand, an improved 

recovery rate for individual raw materials if they can be specifically recorded and de-

constructed in advance. On the other hand, by linking such databases, it should be 

possible to map the "urban mine" in such a way that the supply and demand for recy-

cled building materials can be coordinated inasmuch as possible on a regional basis. 

Here, too, a first concrete implementation approach has been presented within the 

framework of the Battery Directive: Accordingly, manufacturers are to be obliged in 

future to provide corresponding data on raw material contents within the framework 

of a European data room; thus, these requirements would only apply to new and not 

recycled or refurbished products. 

Initial practical experience with comparable "raw material passports" for buildings 

has shown that primarily refurbishment could benefit from the provision of such 

data. Here, pilot projects resulted in a significant extension of the useful life of indi-

vidual buildings because individual refurbishment measures could be planned and 

implemented much more efficiently via such data records. At the same time, it is 
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foreseeable that mandatory data collection for new buildings could be associated 

with considerable additional administrative effort, especially if the responsibilities 

for such product passports continue to be unclear. For example, in Germany there 

are major research projects in at least three federal ministries (environment, econ-

omy and research) for the national implementation of the product passport for bat-

teries. 

The third focal point was the announcement of a comprehensive "built environment 

strategy", which should develop a comprehensive framework for sustainability in the 

building sector analogous to the Sustainable Product Initiative. Such a strategy was 

originally still announced for 2021; however, according to various actors in the Com-

mission, this initiative has been put on hold – at least for the time being. One reason 

for this is the complex coordination with the Commission's "Renovation Wave Initia-

tive", which aims to increase the renovation rate in the building sector with a strong 

focus on energy savings and energy end-use efficiency. With the New European 

Building, the Commission is also pushing ahead in parallel with the development of 

large-scale pilot projects driven by German experts such as Prof. Schellnhuber, and 

with the clear support of Commission President Ursula von der Leyen. It can there-

fore be expected that at least one of the five such pilot projects will be in Germany. It 

remains to be seen what effects will result from the delay in the Built Environment 

Strategy.  

A parallel development strand is the development of the so-called EU Taxonomy, 

with which the European Commission aims to increase private investment in the 

transformation to a circular economy, among other things. The taxonomy is based on 

a list of concrete economic activities that contribute to six different environmental 

goals and at the same time have no significant side effects ("do no significant harm” 

principle). Based on these classifications, companies are to report in detail in future 

which of their investments meet the requirements of this taxonomy. It is to be ex-

pected that financial institutions, which are also directly addressed here, will then 

place – especially on large companies – considerable pressure to align their invest-

ment portfolios with these criteria. In the first step, a comprehensive group of ex-

perts developed criteria and measures for the areas of climate protection and climate 

adaptation. In a second round, specifications for the area of circular economy have 

also been fed into a consultation process. The requirements mentioned here for 

buildings that make sense in terms of the circular economy could provide further im-

pulses for refurbishment as opposed to demolition and new construction if, for ex-

ample, requirements for the recycling of construction and demolition waste that 

clearly go beyond waste legislation are mentioned here. However, many of these cri-

teria are currently in an intensive coordination process, so that it is not yet really 

foreseeable to what extent the list of activities will change. 

 

7.2 National Level 

Compared to the developments at the European level, it can be seen for Germany as a 

whole that significantly fewer relevant impulses for the building sector have ema-

nated from here. 
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After more than 15 years of political discussion, a political compromise was reached 

with the Mantelverordnung (Sheath Regulation), which on the one hand contains 

substitute building materials regulations and thus provides important foundations 

for the recycling of waste; on the other, however, various requirements will increase 

the amount of waste to be landfilled. This will result in an indirect incentive for re-

mediation insofar as a considerable shortage of landfill space for demolition waste is 

already becoming apparent, which is likely to lead to considerably rising disposal 

costs here. Against the background of precisely this development, Bavaria has se-

cured a “country opening clause” (Länderöffnungsklausel), but meanwhile this will 

prevent a uniform regulation. 

In principle, important impulses for refurbishment as an approach to saving re-

sources could also have resulted from the Federal Government's Resource Efficiency 

Programme. This was updated as ProgRess III and contains, among other things, 

various proposed measures for the building sector - however, concrete approaches to 

refurbishment are unfortunately missing here. The measures listed, such as the use 

of CO2-saving building products, remain mainly at the level of recommendations and 

test orders; actual economic incentives or regulatory projects are hardly to be found 

here. A discussion is already starting about the next revision of the programme, 

which is due in 2024 – possibly being transformed into a kind of national circular 

economy strategy. A working group coordinated by the Wuppertal Institute is to de-

velop concrete options here, which could also include the stronger involvement of the 

Federal Ministry of the Interior and thus, for example, the Round Table on Sustaina-

ble Construction. However, this discussion will only pick up momentum again when 

the responsibilities for these issues are clarified in the coalition negotiations. Here, 

one of the options that is apparently being discussed intensively is the merging of re-

sponsibilities from the areas of environment, construction, and economy – like in a 

kind of climate protection ministry. 

In contrast, the revision of the Closed Substance Cycle Waste Management Act has 

already been completed, in which, inter alia, the obligation of the public sector to use 

recycled materials in the construction sector has been strengthened. Within the 

framework of public procurement, specifications on recyclate content are to be made, 

among other things, providing this does not result in "excessive costs". In practice, 

however, these requirements will probably continue to have no real effect, since, for 

example, there is no legal recourse rights for suppliers of secondary building materi-

als. 
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8 Appendix: Table Annex  

8.1 Tables – Inventory 

Table 13: Material Composition of Building Envelope A in Tonnes 

 

Building 

Envelope 

Compo-

nent 

Basement 

(incl. 

founda-

tion/floor 

slab) 

Exterior 

Walls 

Ceilings Interior 

Walls 

Roof Win-

dows/ 

Doors 

(exterior 

and inte-

rior) 

Stairs Total in Tonnes and % 

Concrete 436.51  211.64    19.39 667.54 47.16% 

Pumice 

concrete 
   66.80    66.80 4.72% 

Mortar/ 

Plaster 
 16.70     1.13 17.83 1.26% 

Solid brick 219.11 3701.72   16.22   606.05 42.81% 

Wood     10.18 2.37  12.55 0.89% 

Other insu-

lation ma-

terials 

    0.45   0.45 <0.1% 

Glass      0.47  0.47 <0.1% 

Steel 29.14  14.13   0.05 0.55 43.87 3.10% 

Total        1,415.56 100.00% 

 

 

Table 14: Material Composition of Building Envelope B in Tonnes 

 

Building 

Envelope 

Compo-

nent 

Base-

ment 

(incl. 

founda-

tion/flo

or slab) 

Exte-

rior 

Walls 

Ceilings Interior 

Walls 

Roof Win-

dows/ 

Doors 

(exterior 

and inte-

rior) 

Stairs Balcony Total in Tonnes and 

%  

Concrete 790.87  533.84    25.85 23.05 1,373.61 55.78% 

Pumice 

concrete 
 247.36       247.36 10.04% 

Mortar/ 

Plaster 
25.22 32.98 75.66    1.51  135.37 5.50% 

Sand-lime 

brick 
   316.62     316.62 12.86% 

Solid brick 247.62    24.24    271.86 11.04% 

Wood     15.22 3.85  0.97 20.04 0.81% 

Mineral 

wool 
0.57        0.57 < 0.1% 
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EPS  0.99       0.99 < 0.1% 

Other insu-

lation mate-

rial 

  1.89      1.89 < 0.1% 

Glass      1,06   1,06 < 0,1% 

Steel 52.79  35.63   1.51 0.74 1.68 92.35 3.75% 

Aluminium      0.11   0.11 < 0.1% 

Plastics      0.66   0.66 < 0.1% 

Total         2,462.49 100.00% 

 

Table 15: Material Composition Building Envelope C in Tonnes 

 

Building 

Envelope 

Compo-

nent 

Base-

ment 

(incl. 

founda-

tion/flo

or slab) 

Exte-

rior 

Walls 

Ceilings Interior 

Walls 

Roof Win-

dows/ 

Doors 

(exte-

rior and 

inte-

rior) 

Stairs Balcony Total in Tonnes and 

% 

Concrete 2,279.16  1,506.91  784.85  48.47 128.15 4,747.52 64.63% 

Mortar/ 

Plaster 
53.39 45.93 213.56      312.88 4.26% 

Sand-lime 

brick 
310.09   440.89     750.97 10.22% 

Porous 

brick 

 1,005.77       1,005.77 13.69% 

Wood     2.10 10.89   12.96 0.18% 

EPS 0.40 0.92       1.32 < 0.1% 

Foam glass 

insulation 
   12.81     12.81 0.17% 

Glass      2.01   2.01 < 0.1% 

Steel 149.49  100.59   1.60 1.38 239.80 492.86 6.71% 

Aluminium      0.16   0.16 < 0.1% 

Plastics      1.28   1.28 < 0.1% 

Other     4.86    4.86 < 0.1% 

Total         7,345.40 100.00% 
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Table 16: Material Composition of Building Services in Buildings A to C in Tonnes 

 

Material Categories Building A Building B Building C 

Metals 1.53 65.11% 3.27 66.60% 8.82 68.58% 

thereof steel 1.31 55.74% 2.79 56.82% 7.49 58.24% 

thereof brass/red 

brass 
0.07 2.98% 0.16 3.26% 0.41 3.19% 

thereof copper 0.14 5.96% 0.32 6.52% 0.91 7.08% 

Plastics 0.44 18.72% 0.85 17.31% 2.05 15.94% 

thereof PP 0.11 4.68% 0.20 4.07% 0.45 3.50% 

thereof acrylic 0.27 11.49% 0.55 11.20% 1.33 10.34% 

thereof PVC 0.03 1.28% 0.06 1.22% 0.14 1.09% 

Insulation 0.10 4.26% 0.22 4.48% 0.61 4.74% 

Mineral 0.28 11.91% 0.56 11.41% 1.36 10.58% 

thereof glass 0.00 0.20% 0.01 0.2% 0.02 0.01% 

thereof ceramics 0.28 11.89% 0.55 11,2168.58 1.34 10.57% 

Total 2.35 100.00% 4.91 100.00% 12.86 100.00% 

 

8.2 Tables – Demolition Model 

Table 17: CED in GJ from Demolition and Recycling of Different Material Categories of the Three Example 

Houses (Including Building Services) 

 

Material Categories Building A Building B Building C 

Concrete 113.009 232.541 803.718 

Pumice concrete 7.749 28.695  

Mortar/Plaster 4529 34.384 79.475 

Sand-lime brick  36.729 87.117 

Solid brick 109.592 49.162  

Porous brick   181.875 

Wood 1.260 2.012 1.091 

Mineral wool 0.010 0.111 0.063 

EPS  0.363 0.483 

Foam glass   2.013 
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Other insulation materials 0.076 0.297  

Glass    

Steel 39.122 81.172 432.355 

Aluminium    

Plastics    

Sanitary ceramics 0.070 0.141 0.341 

Other  0.297 1.867 

Total 275.417 466.607 1,590.398 

 

Table 18: CRD in Tonnes from Demolition and Recycling of Different Material Categories of the Three Exam-

ple Houses (Including Building Services) 

 

Material Categories Building A Building B Building C 

Concrete 26.347 54.214 187.377 

Pumice concrete 0.456 1.689  

Mortar/Plaster 1.801 13.674 31.606 

Sand-lime brick  2.162 5.129 

Solid brick 39.255 17.609  

Porous brick   65.146 

Wood 0.307 0.490 0.317 

Mineral wool 0.007 0.082 0.046 

EPS  0.060 0.080 

Foam glass   1.485 

Other insulation materials 0.056 0.219  

Glass    

Steel 1.275 2.645 14.091 

Aluminium    

Plastics    

Sanitary ceramics 0.034 0.068 0.164 

Other  0.219 0.556 

Total 69.538 92.914 306.00 
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Table 19: Carbon Footprint in Tonnes of CO2 Equivalent from Demolition and Recycling of Different Material 

Categories of the Three Example Houses (Including Building Services) 

 

Material Categories Building A Building B Building C 

Concrete 5.845 12.027 41.569 

Pumice concrete 0.401 1.487  

Mortar/Plaster 0.214 1.627 3.761 

Sand-lime brick  1.903 4.513 

Solid brick 4.963 2.226  

Porous brick   8,237 

Wood 0.109 0.174 0.121 

Mineral wool  0.004 0.002 

EPS  3.149 4.198 

Foam glass   0.066 

Other insulation materials 0.002   

Glass    

Steel 2.571 5.335 28.418 

Aluminium    

Plastics    

Sanitary ceramics 0.003 0.006 0.014 

Other  0.010 11.333 

Total 14.110 27.948 102.223 

 

8.3 Tables – New Construction 

Table 20: Material Composition Building Envelope A to C in Tonnes 

 

 

Building Enve-

lope New Con-

struction 

Building A Building B Building C 

Concrete  873.55 68.46% 1,803.15 68.71% 4,868.07 68.86% 
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Mortar/Plaster 187.68 14.71% 392.78 14.97% 1,069.07 15.12% 

Solid brick 64.70 5.07% 145.06 5.53% 409.48 5.79% 

Wood 19.96 1.56% 35.88 1.37% 87.60 1.24% 

Plasterboard 6.39 0.50% 9.55 0.36% 20.21 0.29% 

Mineral wool 10.94 0.86% 17.24 0.66% 38.37 0.54% 

XPS 1.10 0.09% 2.10 0.08% 5.43 0.08% 

EPS 1.80 0.14% 4.04 0.15% 11.41 0.16% 

Other insulation 

materials 
1.64 0.13% 2.97 0.11% 7.41 0.10% 

Steel 58.22 4.56% 121.86 4.64% 331.66 4.69% 

Aluminium 0.24 0.02% 0.53 0.02% 1.52 0.02% 

Zinc 0.70 0.05% 1.05 0.04% 2.23 0.03% 

Glass 1.76 0.14% 3.96 0.15% 11.30 0.16% 

Total plastic 5.72 0.45% 11.57 0.44% 31.01 0.44% 

Other 41.68 3.27% 72.51 2.76% 174.94 2.47% 

Total 1,276.08 100.00 % 2,624.25 100.00 % 7,069.70 100.00 % 

 

Table 11: Material Composition of Building Services in Buildings A to C in Tonnes 

 

Material Categories Building A Building B Building C 

Metals 1.62 65.32% 3.52 66.92% 9.27 68.77% 

thereof steel 1.43 57.66% 3.10 58.94% 8.13 60.31% 

thereof brass/red 

brass 
0.07 2.82% 0.15 2.85% 0.40 2.97% 

thereof copper 0.12 4.84% 0.26 4.94% 0.73 5.42% 

Plastics 0.5 20.16% 1.00 19.01% 2.36 17.51% 

thereof PP 0.03 1.21% 0.07 1.33% 0.21 1.56% 

thereof acrylic 0.27 10.89% 0.55 10.46% 1.33 9.87% 

thereof PVC 0.03 1.21% 0.07 1.33% 0.16 1.19% 

Insulation 0.07 2.82% 0.17 3.23% 0.47 3.49% 

Mineral 0.28 11.29% 0.56 10.65% 1.36 10.09% 

thereof glass 0.00 0.00% 0.01 0.19% 0.02 0.15 % 

thereof ceramics 0.28 11.29% 0.55 10.46% 1.36 10.09% 

Total 2.48 100.00% 5.26 100.00% 13.48 100.00% 
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Table 12: CED of the Material Composition of the Building Envelope A to C in GJ 

 

Building Envelope New 

Construction 
Building A Building B Building C 

Concrete  691 1,442 3,916 

Mortar/Plaster 260 556 1,530 

Solid brick 247 553 1,561 

Wood 773 1,381 3,360 

Plasterboard 36.6 54.8 116 

Mineral wool 208 328 730 

XPS 113 216 558 

EPS 171 383 1,082 

Other insulation materials 146 270 682 

Steel 1,360 2,845 7,743 

Aluminium 46.8 105 298 

Zinc 52.5 78.5 166 

Glass 44.4 100 285 

Total plastic 472 945 2,513 

Other 803 1,542 3,982 

Total 5,425 10,799 28,522 

 

Table 13: CRD of Material Composition Building Envelope A to C in Tonnes 

 

Building Envelope New 

Construction 
Building A Building B Building C 

Concrete  944 1,970 5,350 

Mortar/Plaster 217 455 1,241 

Solid brick 105 236 667 

Wood 57.3 102 248 

Plasterboard 8.1 12.1 25.7 

Mineral wool 27.5 43.3 96.4 
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XPS 3.7 7.1 18.2 

EPS 4.7 10.6 29.9 

Other insulation materials 3.9 6.8 16.4 

Steel 406 849 2,312 

Aluminium 5.4 12.1 34.5 

Zinc 17.1 25.5 54.0 

Glass 6.3 14.2 40.4 

Total plastic 23.2 48.1 131 

Other 70.7 123 297 

Total 1,901 3,916 10,561 

 

Table 14: Carbon Footprint of the Material Composition of Building Envelope A to C in Tonnes of CO2 

Equivalent 

 

Building Envelope 

New Construction 
Building A Building B Building C 

 
[t CO2 equiva-

lent] 

[t CO2 equiva-

lent /WE] 

[t CO2 equiva-

lent] 

[t CO2 equiva-

lent /WE] 

[t CO2 equiva-

lent] 

[t CO2 equivalent 

/WE] 

Concrete  90.3 12.9 189 13.5 512 15.1 

Mortar/Plaster 32.4 4.6 68.4 4.9 187 5.5 

Solid brick 20.6 2.9 46.3 3.3 131 3.9 

Wood 6.7 1.0 11.6 0.8 27.8 0.8 

Plasterboard 2.6 0.4 3.9 0.3 8.3 0.2 

Mineral wool 15.8 2.3 24.9 1.8 55.4 1.6 

XPS 12.4 1.8 23.6 1.7 61.0 1.8 

EPS 7.2 1.0 16.1 1.2 45.6 1.3 

Other insulation materials 2.1 0.3 4.2 0.3 11.3 0.3 

Steel 142 20.3 297 21.2 807 23.7 

Aluminium 4.5 0.6 10.0 0.7 28.4 0.8 

Zinc 4.1 0.6 6.2 0.4 13.1 0.4 

Glass 3.4 0.5 7.6 0.5 21.7 0.6 

Total plastic 18.0 2.6 36.7 2.6 98.8 2.9 

Other 10.3 1.5 15.8 1.1 34.3 1.0 
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Total 372 53.1 760 54.3 2,042 60.1 

 

Table 15: CED of the Material Composition of Building Services in Buildings A to C in GJ 

 

Material Categories Building A Building B Building C 

Metals 64.73 140.69 377.23 

thereof steel 33.52 72.54 190.03 

thereof brass/red brass 33.52 72.54 190.03 

thereof copper 19.51 43.74 123.48 

Plastics 28.05 56.89 131.73 

thereof PP 2.52 5.65 15.95 

thereof acrylic 10.99 21.98 53.39 

thereof PVC 2.04 4.15 10.09 

Insulation 4.32 9.69 27.35 

Mineral 7.94 15.88 38.55 

thereof glass 0.06 0.11 0.27 

thereof ceramics 7.88 15.76 38.29 

Total 105.56 224.32 578.18 

 

Table 16: CRD of  the Material Composition of Building Services of Buildings A to C in Tonnes 

 

Material Categories Building A Building B Building C 

Metals 45.21 98.34 266.62 

thereof steel 9.99 21.63 56.65 

thereof brass/red brass 13.83 28.75 74.57 

thereof copper 21.35 47.88 135.15 

Plastics 0.92 1.86 4.37 

thereof PP 0.06 0.13 0.37 

thereof acrylic 0.50 1.01 2.45 
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thereof PVC 0.07 0.14 0.35 

Insulation 0.14 0.31 0.87 

Mineral 1.36 2.72 6.61 

Thereof glass 0.01 0.02 0.04 

thereof ceramics 1.35 2.71 6.57 

Total 47.64 103.24 278.49 

 

Table 17: Carbon Footprint of the Material Composition of Building Services in Buildings A to C in 

Tonnes of CO2 Equivalent 

 

Material Categories Building A Building B Building C 

 
[t CO2 

equivalent] 

[t CO2 equiv-

alent /WE] 

[t CO2 

equivalent] 

[t CO2 equiv-

alent /WE] 

[t CO2 

equivalent] 

[t CO2 equiv-

alent /WE] 

Metals 5.08 0.73 10.46 0.75 27.89 0.82 

thereof steel 3.57 0.51 7.14 0.51 18.76 0.55 

thereof brass/red brass 0.58 0.08 1.22 0.09 3.18 0.09 

thereof copper 0.91 0.13 2.04 0.15 5.75 0.17 

Plastics 0.79 0.11 1.51 0.11 3.66 0.11 

thereof PP 0.15 0.02 0.27 0.02 0.66 0.02 

thereof acrylic 0.43 0.06 0.87 0.06 2.11 0.06 

thereof PVC 0.09 0.01 0.18 0.01 0.47 0.01 

Insulation 0.21 0.03 0.42 0.03 1.11 0.03 

Mineral 2.27 0.32 4.91 0.35 13.38 0.39 

Thereof glass 0.00 <0.01 0.01 <0.01 0.02 <0.01 

thereof ceramics 0.55 0.08 1.06 0.08 2.52 0.07 

Total 8.52 1.22 17.68 1.26 47.10 1.39 

 

 


